Money, Endogenous Fertility and Economic Growth by Alberto Petrucci
1
MONEY, ENDOGENOUS FERTILITY AND ECONOMIC GROWTH
1. Introduction
In his seminal (1967) contribution Sidrauski shows through
an intertemporal optimizing monetary growth model that, in the
long-run, money is superneutral -i.e. all real variables (with
the exception of real money balances) are independent of the
money supply growth rate- in contrast to the analysis of Tobin
(1965), who finds, using a framework based on ad hoc behavioral
relationships, that a higher money growth permanently increases
capital intensity.
According to the voluminous literature that has examined
the effects of anticipated inflation on capital accumulation, the
result established by Sidrauski is due to the restrictive
features of the model adopted rather than to a general
consequence of monetary growth on capital-labor ratio and other
real variables. In fact, the necessary assumptions incorporated
in Sidrauski's model that support the steady state money
superneutrality are: i) an infinitely-lived representative
consumer; ii) a time-separable utility function with a constant
subjective discount rate; iii) an identical rate of time
preference for all individuals; iv) a rate of return on money
that varies with the quantity held (this property follows from
either inserting money in the utility function or considering a
consumption "shopping costs" approach); v) a rate of return on
capital that is independent of real money balances; vi) an
exogenous labour supply; and vii) the absence of uncertainty
1.
                    
     
1 Many articles written in the last three decades explore
the role of these assumptions in determining the
superneutrality of money. See, for example, for the removal of2
Sidrauski's result strongly hinges on the validity of the
modified golden rule -i.e. the equality between the marginal
product of capital and the sum of the rate of time preference and
the rate of population growth- which alone determines the capital
stock when all the conditions previously listed are satisfied
and, in addition (this is an assumption not mentioned above), the
population growth rate is -as always assumed in neoclassical
growth models of inflation- constant. 
Surprisingly, to the best of my knowledge no attempts have
been made to incorporate and analyze the hypothesis of an
endogenous population growth rate within theoretical monetary
models of capital accumulation, although this issue has received
some attention from an empirical perspective. Barro (1996), for
example, shows panel regressions where fertility, i.e. a proxy
of population growth, and inflation jointly explain, amongst
other explanatory factors, per capita output growth rate. Both
inflation and fertility account for a negative effect on per
capita output growth and rate of capital accumulation. But the
channels of interaction between inflation, population expansion
rate and output growth are not clear and need to be investigated
theoretically.
The purpose of the present paper is to explore this
neglected aspect of the theoretical literature through a simple
                                                               
each specific condition of Sidrauski's neoclassical monetary
growth model, the following references: i) Drazen (1981),
Carmichael (1982), Van der Ploeg-Marini (1988) and Weil
(1991); ii) Epstein-Hynes (1983), and Hayakawa (1992); iii)
Carmichael (1982); iv) Stockman (1981), Abel (1985), Feenstra
(1986), Wang-Yip (1991) and (1992); v) Dornbusch-Frenkel
(1973) and Fischer (1983); vi) Brock (1974) and Wang-Yip
(1992); vii) Danthine-Donaldson-Smith (1987).3
monetary growth model à la Sidrauski, where a variable population
growth rate is considered, and investigate how the effects of
anticipated inflation on capital accumulation and growth are
affected.
The paper considers a model with an endogenous fertility
choice, where the number of children enters directly into the
utility function of the infinitely-lived representative consumer,
along with private consumption and real money balances, and
represents a control variable. The fertility rate coincides with
population growth given a zero death rate and the absence of
immmigration. In this regard, we employ the standard practice of
the literature on optimizing real growth models with endogenous
fertility; see, for example, Razin-Ben-Zion (1975), Barro-Becker
(1989), Wang-Yip-Scotese (1994), Barro-Sala-i-Martin (1995),
Palivos (1995), and Nerlove-Raut (1997)
2.
The framework developed here can be regarded as an
exogenous growth model when per capita variables are considered,
since there are decreasing returns to scale with respect to
productive factors that can be accumulated, but at the same time
it can be viewed as an endogenous growth model in terms of
aggregate variables (i.e. variables expressed in levels), as
their rate of expansion depends on the fertility rate, which is
endogenously determined.
                    
     
2 Some of these papers employ a different demographic
setup from ours, but they have in common with the present
paper that the fertility rate enters the utility function of
consumers.4
It is shown in the paper that the assumption of a variable
population represents an additional source of money non-
superneutrality that was not considered before, and adds another
case to the variegated taxonomy of theoretical results concerning
the effects of inflation on capital accumulation
3. In our
framework, however, despite the fact that the origin of money
non-superneutrality comes from the consumption-side (since
fertility is a choice variable for the consumers, even though
there are also some external effects on the production side),
there is a reverse Tobin effect, i.e. steady state capital stock
per capita is reduced by an increase in the growth of money
supply
4. However, when population growth is augmented by the
monetary shock, we have a positive effect on the growth rate of
aggregate capital and output.
The paper is organized as follows. Section 2 builds the
theoretical model and presents its general features. Section 3
analyzes the property of stability. Section 4 examines the
relationship between the steady state rate of money growth and
macroeconomic equilibrium, paying special attention to the
effects on fertility, capital intensity, and consumption. Section
5 determines the optimal monetary policy rule and section 6 draws
conclusions.
2. The model
                    
     
3 See Orphanides-Solow (1990) and Danthine (1992) for
comprehensive surveys.
     
4 In Sidrauski's model, when violation of supernetrality
is introduced on the consumption-side, either by considering a
finite horizon for households (see, among others, Drazen,
1981, and Van der Ploeg-Marini, 1988) or by making the rate of
time preference endogenous (à la Uzawa; see, for example,
Hayakawa, 1992), the effect of anticipated inflation on
capital stock is positive. However, in the case of an
endogenous labour-leisure choice (see, e.g., Wang-Yip, 1992),
the direction of non-superneutrality introduced, stemming
simultaneously from both the consumption and production sides,
becomes in principle ambiguous.7
and child-rearing
9. The function h(n) represents the time cost of
child-rearing, with h(0)=0 and h>0 for n>0, h'>0, and h">
<0
10.
                    
     
9 We follow Wang-Yip-Scotese (1994) and Palivos (1995) on
using a time allocation constraint where the fertility rate
indirectly enters. Alternatively, Barro-Sala-i-Martin (1995)
consider explicitly a child-rearing cost function (depending
directly on n and k) in the budget constraint of the
representative consumer. None of our results would change
under the Barro-Sala-i-Martin approach.
     
10 When h"<0, there are economies of scale in child-
rearing; see Palivos (1995) for a discussion. 
Per capita output is obtained by using capital and labor as
inputs. The production function, f( ), is assumed to have the
usual neoclassical properties of positive, but diminishing,
marginal products, exhibits constant returns to scale and satisfy
the Inada conditions: fk>0, fl>0, fkk<0, fll<0, fkkfll=f
2
kl.
Therefore, capital and labor are Edgeworth complements: fkl>0.
Capital is assumed not to depreciate.
Savings can take the form of both money and capital
accumulation. All capital accumulation (or decumulation) occurs
at a continuous rate and does not incur adjustment costs. Total19
the fertility rate and consumption- inserted into the utility
function. This paper is an attempt to understand a source of non-
superneutrality not studied before.
The analysis carried out in the paper proves that, when an
endogenous population growth rate is incorporated into
Sidrauski's monetary growth model, the modified golden rule is
incapable of fully determining the capital-labor ratio (a basic
feature of the Sidrauski's analysis), since capital intensity
becomes interdepedent with other variables of the model because
of the endogenous fertility choice. By reducing the real balances
holdings, the higher monetary growth rate diminishes the
opportunity cost of one unit of fertility, which in turn
stimulates people to increase fertility and hence results in a
reduction of the capital intensity. This inverse relation between
per capita capital stock and population growth is the crucial
element at the root of the non-superneutrality of money
discovered in the present context. The reverse Tobin effect on
per capita output and capital is matched by an increase in
aggregate output and capital growth rates.
In this framework, the optimal monetary growth rule, which
must take into account the effect of fertility on the net and the
gross return of capital and corresponds to a modified Friedman
full liquidity rule, can call for either a contraction or an
expansion of money supply. If the optimal rule is implemented,
the nominal interest rate can be either positive or negative,
therefore implying that the optimum quantity of money attained
can be lower or greater than the satiation level.
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